Background: Previous studies suggested that single-nucleotide polymorphisms in dopamine receptor D2 (DRD2) are the susceptibility loci for migraine. This study was aimed at evaluating the contribution of DRD2 rs1800497 and its expression to migraine risk in Han Chinese subjects. Methods: In total, 250 patients with migraine and 250 age-and sex-matched control subjects were included in this study. TaqMan allelic discrimination assay was used for DRD2 rs1800497 genotyping. Plasma DRD2 concentration was determined using enzyme-linked immunosorbent assay. 
Introduction
Migraine is a common neurologic disorder that has become a major public health concern worldwide. 1 This disorder is characterized by recurrent, moderate-to-severe headaches. Clinical manifestations typically include unilateral headache with nausea, emesis, phonophobia, and visual sensory disturbance. 2 The two major types of migraine
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Deng et al are migraine with aura (MA) and migraine without aura (MO), as defined by the International Headache Society. 3 Migraine is a complex disorder, and involves the influence of various environmental and genetic factors. 4, 5 While scientists have obtained valuable information concerning the development and clinical treatment of migraine, the mechanisms underlying the pathogenesis of migraine remain unclear. 6 Dopamine has been suggested to be the second putative protagonist in headache. 7 Among the proposed mechanisms, the dopaminergic system is responsible for maintaining the dopamine-norepinephrine ratio. 8 An imbalance in this ratio makes individuals susceptible to migraine. 9 Dopamine receptors are believed to play specific roles in the pathogenesis of migraine. 10 Dopamine receptor D2 (DRD2) has been widely studied in central nervous system disorders, including schizophrenia, posttraumatic stress disorder, movement disorders, and migraine. 11 Both DRD2 genotyping and monitoring of plasma drug concentrations may be useful for alleviating clinically dominant symptoms in patients. 12 Previous studies suggested that single-nucleotide polymorphisms (SNPs) in DRD2 are susceptibility loci for migraine.
13 DRD2 polymorphism was observed to be significantly associated with the risk of migraine in an Indian population.
14 DRD2 haplotype may be a risk factor in migraine susceptibility. In Japanese subjects, Onaya et al showed that DRD2 polymorphism significantly and independently contributed to the development of migraine from medication overuse headache. 15 However, other studies did not support the contribution of DRD2 toward the genetic predisposition to migraine in a Spanish population and a North Indian population. 13, 16 The SNP rs1800497 on chromosome 11q23.2 is located in exon 8 of the ankyrin repeat domain containing one gene downstream of DRD2.
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DRD2 rs1800497 was observed to be associated with different conditions such as autism, 18 cramps, 19 migraine, 14 memory loss, 20 and schizophrenia. 21 DRD2 rs1800497-T-carriers faced a significantly reduced risk of schizophrenia susceptibility in Asian populations. 22 Gluskin and Mickey suggested that DRD2 rs1800497 probably contributes to important individual differences in human striatal function, neuropsychiatric disease risk, and pharmacologic response.
23 DRD2 rs1800497 has been consistently reported to be linked with reduced striatal D2 receptor expression in both postmortem expression studies and in vivo radioligand binding studies. 24, 25 However, this link between rs1800497 and D2 receptor expression was not apparent in patients with neuropsychiatric disorders. 23 The D2 receptor expression in these subjects tended to be higher among rs1800497-T-carriers than among C homozygotes. 23 Significant associations between DRD2 rs1800497 and migraine risk were observed in a primary cohort study (208 patients with migraine and 200 healthy control subjects). 14 However, no significant associations were observed in a secondary cohort (127 patients with migraine and 200 healthy control individuals) of Indian subjects. 14 Importantly, no studies have investigated the putative relationship between DRD2 rs1800497 and migraine risk in Han Chinese populations.
In this study, we enrolled 500 age-and sex-matched volunteers and conducted a case-control study to validate the relationship between the DRD2 polymorphism rs1800497 and migraine risk in a Chinese Han population. Additionally, we examined the role of DRD2 in the pathogenesis of migraine by determining plasma DRD2 levels.
Materials and methods

Case-control subjects
This study was approved by the Ethics Committees of the Affiliated Hospital of Ningbo University, and written informed consent was obtained from all participants. This study included 250 unrelated patients with migraine and 250 age-and sex-matched healthy control subjects. All subjects were enrolled randomly between January 2014 and October 2017 from the Affiliated Hospital of Ningbo University, Ningbo city, Zhejiang province, China. Patients were diagnosed by at least two independent pain specialists and neurologists based on their responses provided in a validated medical questionnaire prepared according to the International Headache Society. 26 Patients with migraine were assigned to two subgroups: MA and MO. The control subjects had no history of personal or familial migraine, and were selected randomly while undergoing a health examination in the hospital. Individuals with obesity, hypertension, diabetes, and other neurologic or psychiatric disorders were excluded from this study.
Laboratory analysis
A venous blood sample was collected from each subject within 12 h after fasting in an EDTA-coated vacutainer. Biochemical indices, including levels of triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, apolipoprotein A-I, and apolipoprotein B, were measured using an automated clinical chemistry analyzer (Beckman Coulter, Brea, CA, USA). Plasma was separated from the blood samples by centrifugation at 1000×g for 10 min. Totally, 168 sex-and age-matched individuals, including 56 patients with MA, 56 patients with MO, and 56 control individuals, were enrolled 
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DRD2 rs1800497 polymorphism and migraine risk for protein expression analysis. Plasma DRD2 concentration was determined using enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis, MN, USA).
Genotype analysis
Lymphocyte DNA was isolated from peripheral blood using the salting-out procedure. The TaqMan Allelic Discrimination Assay System (assay ID: C_7486676_10) was used for DRD2 rs1800497 genotyping. All assays were optimized to a total volume of 10 μL, containing 10 ng of genomic DNA, 0.125 μL of primer-TaqMan Probe mixture, and 5 μL of TaqMan Universal PCR Master Mix 2X (Thermo Fisher Scientific, Waltham, MA, USA). Polymerase chain reaction amplification was conducted using a 7500 Real-Time PCR System (Thermo Fisher Scientific). Thermal cycling conditions included 95°C for 10 min, followed by 50 cycles at 95°C for 15 s, and 60°C for 1 min. Genotypes were determined using the algorithm and software supplied by the manufacturer (Thermo Fisher Scientific). To determine the random genotyping error rate, 5% DNA samples were examined in duplicate, showing 100% consistency in genotype.
Statistical analysis
Continuous variables were expressed as the mean and SD and compared using the independent samples t-test. Categorical variables were compared using Pearson's chi-squared test. Quantitative data were compared using one-way analysis of variance or the Kruskal-Wallis test. The odds ratio (OR) and 95% CI were calculated by logistic regression to determine the relative risk of rs1800497 genotypes for migraine development. All statistical analyses were conducted with SPSS statistical software (version 16.0; SPSS, Inc., Chicago, IL, USA). Power analysis was performed using Power and Sample Size Calculation software (version 3.0.43). 27 Statistical significance was defined as a p-value <0.05.
Results
Clinical characteristics of subjects
The clinical characteristics of both groups are listed in 
Comparison of genotype and allelic distributions
The genotype distributions of DRD2 rs1800497 in the control subjects and patients were within the Hardy-Weinberg equilibrium model (p>0.05). As shown in Table 2 Table 3 , and an increased risk was observed between the case and control groups under the 
DRD2 expression and genotype
The mean plasma DRD2 levels in the control individuals (mean±SD: 24.20±2.78 ng/L) were significantly lower than those in the patients with MA (30.86±3.69 ng/L, p<0.0001) and MO (31.88±4.99 ng/L, p<0.0001; Figure 1 ). Addition- Figure 1 ). No significant difference was observed between the male (24.45±3.14 ng/L) and female (23.96±2.39 ng/L, p>0.05; Figure 1 ) control individuals. Plasma DRD2 levels for different genotypes are shown in Figure 2 . There were no differences in plasma DRD2 levels among three genotypes in the control group (CC vs CT 
Discussion
In this case-control study, 250 patients with migraine (68 patients with MA and 182 with MO) and 250 unrelated healthy control individuals were analyzed. Our results showed that the DRD2 polymorphism rs1800497 was strongly related to the risk of MO in Han Chinese subjects. Furthermore, through sexstratified comparison, rs1800497 was observed to be associated with the risk of MO in females. DRD2 was highly expressed in the patients with MA and MO, and in the patients with migraine, its expression was regulated by the DRD2 rs1800497 genotypes. Growing evidence suggests that high lipid concentration constitutes a risk factor for the development of migraine. 28, 29 Migraine frequency was shown to be associated with dyslipidemia in women. 30, 31 Plasma TC and TG levels may influence migraine severity. 30 Cinzia et al suggested that lipoprotein (a) levels differed significantly between female Italian patients and female Italian control subjects. 32 However, Goulart et al reported that different lipid and lipoprotein subfractions were positively associated with MO in both sexes in Brazilians. 33 Rist et al showed that TG and TC levels were associated with the risk of MA development, although not with other forms of headache in the French elderly. 29 Chorazka et al observed that the levels of TC and low-density lipoprotein cholesterol may contribute to an increased risk of migraine in Polish subjects. 34 In this study, we observed no differences in lipid concentrations between the patients with migraine and control individuals. These conflicting findings may be related to the different dietary habits of the Chinese population.
Genome-wide association studies have revealed numerous genetic variants responsible for the risk factors for migraine development. 35, 36 Dopaminergic gene variants are the most studied entities in migraine studies. 37 For example, the dopamine beta-hydroxylase gene polymorphism rs6271 was suggested to be a genetic factor influencing migraine susceptibility in the Turkish population. 38 The dopamine transporter gene variant SLC6A3 rs40184 contributed to the risk of MA development in Germans. 13 An imbalance in dopamine receptors D2/D3 was shown to be associated with migraine attacks and ictal cutaneous allodynia.
39 DRD2 polymorphisms may be the genetic determinants of detoxification outcome in patients with medication overuse headache. 15, 40 Although several studies reported that DRD2 polymorphisms are associated with the risk of migraine, many other studies 
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Deng et al showed both positive and negative relationships with DRD2. Significant associations of a functional polymorphism at the dopamine beta-hydroxylase locus with migraine risk were observed in Australian and German subjects, 13, 41 although not in Spanish subjects. 42 The variant rs1800497 was located 9.5 kb downstream of DRD2. Ghosh et al observed a significant association between rs1800497 and migraine risk in a meta-analysis of an Indian population.
14 However, the results of the meta-analysis involved in the two independent studies were contradictory.
14 Our study including 500 ageand sex-matched individuals revealed that DRD2 rs1800497 contributed to the risk of migraine in Han Chinese. This could be partly explained by the specific genetic background and dietary habits of the Chinese.
The SNP rs1800497 was reported to mediate proteinprotein interactions. 17 Previous studies suggested that rs1800497 robustly influenced the availability of striatal D2 dopamine receptor. 23 rs1800497 is located in the 3′ untranslated region of DRD2, near the promoter, which is an inhibitory domain for the binding of nuclear factor-kappa B (NF-κB)-regulated genes. There are two NF-κB binding sites in the DRD2 promoter, and DRD2 expression is regulated by NF-κB. 43 rs1800497 variants may influence NF-κB-mediated regulation of DRD2 and upregulate DRD2 transcription. 14 DRD2 expression may be involved in the mechanism of migraine pathogenesis, and DRD2 antagonists have been proposed as antimigraine drugs. 44 Our study showed similar results. Plasma DRD2 levels were significantly higher in the patients with migraine than in the control subjects. Additionally, the plasma DRD2 level was regulated by different rs1800497 genotypes.
Sexual dimorphism has been observed to influence the prevalence and severity of neurologic disorders. 45 Females show a much higher prevalence of migraine worldwide than males. 46 Previous studies revealed that female sex hormones are the major factors determining the risk and characteristics of migraine, accounting for the sex-based differences observed in this study; however, there was evidence supporting the underlying genetic variance as well. 19 Sazci et al reported a significant association of the NNMT rs694539 variant with female patients with migraine, but no association with male patients. 47 CoSkun et al suggested that the genotypes rs2229741-GG and rs726281-GG are responsible for reduced risk of migraine in female Turkish patients. 48 Dopamine signaling was demonstrated to be linked to the female hormones, namely, progesterone and prolactin, in the migraineurs. 49 Serum prolactin level was considerably high in the female migraineurs. 50 Our results showed that rs1800497 was associated with the risk of migraine in female patients among the three genotypes. Plasma DRD2 levels were significantly higher in female patients than in male patients. Our findings provide insight into the prediction of the risk of headache in females.
Conclusion
Our case-control study showed that the DRD2 polymorphism rs1800497 was significantly associated with the risk of migraine in Han Chinese females. Additionally, plasma DRD2 level was higher in patients with migraine than in control subjects. Female patients with migraine had much higher DRD2 levels than male patients with migraine. DRD2 expression may be regulated by DRD2 rs1800497 genotypes in patients with migraine.
